Nowadays intracoronary stenting augments the effectiveness of balloon angioplasty, particularly in reducing the incidence of lesion recurrence. In fact, early results from 2 recently completed multicenter, international, randomized trials (BENESTENT and STRESS), 9, 10 designed to compare balloon angioplasty with stenting using the Palmaz-Schatz stent, are encouraging. The early data appears to support the thesis that in de novo lesions initial complications and restenosis may be significantly less with stenting than with balloon angioplasty.
On the other hand, in some patients balloon angioplasty alone can yield a 'stent-like' result and the clinical outcome of these patients may be similar to that of stented patients. The purpose of this study was to determine the incidence of a stent-like result from balloon angioplasty alone and to compare the long-term follow-up data of patients with optimal stent-like results, suboptimal results and failure of balloon angioplasty.
Methods

Subjects
The study comprised 108 consecutive patients, scheduled for initial elective balloon angioplasty before 1992 when the technique of balloon angioplasty was a routine procedure.
Balloon Angioplasty
A sheath capable of accepting an 8Fr guiding catheter was introduced into the femoral artery using Seldinger's technique, with 10,000 units of heparin administrated intravenously. A dedicated guide wire was advanced distal to the target lesion. The balloon was then slowly advanced across the lesion. Some inflations of the balloon were Japanese Circulation Journal Vol.63, January 1999 performed within the stenosis. If the dilatation was not appropriate, larger balloon sizes were used to achieve a balloon size/artery diameter ratio of 1.2:1. All patients had a single procedure of 1 vessel.
Based on the angiographic results of the balloon angioplasty, patients were divided into 3 groups, and the percentage stenosis was calculated by the automated edge detection method. Group A: <25% residual stenosis (ie, optimal 'stent-like' result); Group B: 25-50% residual stenosis or large dissection (ie, suboptimal result); and Group C: >50% stenosis or stenosis could not be crossed (ie, failed angioplasty).
Each of the 108 patients was placed into one of these 3 groups. Group A comprised 59 patients, Group B had 43 patients, and Group C had 6 patients. The baseline clinical characteristics of the 3 groups are presented in Table 1 . We analyzed the pre-angiographic features of the lesions that influenced the likelihood of achieving a 'stent-like' result and examined the clinical data of the 108 patients during the 8 years following the balloon angioplasty.
Statistical Analysis
Data are presented as the mean ± standard deviation. The statistical significance of differences was determined using Student's t-test. Comparison of categorical values were analyzed by the Chi-squared test. A probability value of <0.05 was considered statistically significant.
Results
Lesion Features Predictive of Achieving a Stent-Like Result
Analysis was based on the central laboratory interpretations of the 108 patients ( Table 2) . A stent-like result was observed in 50.0% of attempted lesions. For these patients, mean residual stenosis was 15.5±4.8%. By univariate analysis, achieving a stent-like result was more likely (p<0.05) when the vessel diameter was more than 2.6 mm, and less likely (p<0.05) when the lesion had calcification. Factors that did not influence achieving a stent-like result included the pre-balloon angioplasty minimal lumen diameter, % diameter stenosis, presence of vessel tortuosity, an eccentric lesion, a vessel branch location, or if the lesion was ostial in location.
Restenosis (Fig 1)
Angiographic follow-up 6 months after balloon angioplasty was completed in all patients. Restenosis had an angiographic diagnosis, defined as greater than 50% diameter stenosis at the time of follow-up angiography. Restenosis occurred in 20 of 43 patients (46.5%) with suboptimal results, but only in 18 of 59 patients (30.4%) with a stent-like result. Target vessel revascularization was performed in 14 of 43 patients (32.8%) with suboptimal results, but in only 11 of 59 patients (17.9%) with a stentlike result. A stent-like result following balloon angioplasty significantly reduces the incidence of restenosis.
Long-Term Follow-Up
Of the 108 patients, 100% underwent long-term clinical follow-up at a mean time interval of 8.4±1.8 years. The incidence of cardiac events (death, bypass graft surgery, myocardial infarction, balloon angioplasty for new lesions) in the 3 groups is presented in Table 3 . Cardiac events occurred in 33 patients (30.6%). There were 2 sudden deaths in Group B at 11 months and at 6.4 years. Three patients had a non-fatal Q wave myocardial infarction (MI); the infarcted vessels were other vessels where previous procedures had been performed. One was in Group A and the other were in Group B. Three patients in Group A underwent bypass graft surgery (CABG), and 6 in Group A Fig 2. The eventfree survival rate without serious cardiac events at 8 years was 83.2%, 58.2% and 16.6% in the Groups A, B and C, respectively. Throughout the entire follow-up period, event-free survival was significantly better for Group A vs B (p<0.05) and for Group A versus C (p<0.05).
Discussion
The major finding of this study is that the patients achieving a stent-like result following balloon angioplasty had a reduced incidence of restenosis and an increased 8year survival without serious cardiac events.
Restenosis
Many investigators have reported on predictive lesionrelated factors relating to restenosis. It has been reported that post-angioplasty residual stenosis appears to be a strong determinant of restenosis. A number of separate studies have found that percentage residual stenosis is an important factor in restenosis even after taking other factors into account using multivariate regression analysis. [11] [12] [13] [14] [15] [16] [17] Similarly, our study demonstrated that a stent-like result was a predictive factor for reducing restenosis.
Long-Term Prognosis
This present study revealed that 8-year survival without serious cardiac events was significantly increased in the patients with a stent-like result. Kimura et al described the excellent 3-year prognosis of coronary stenting, reporting that clinical and angiographic outcomes, up to 3 years after coronary artery stenting, were favorable with a low revascularization rate in the stented lesions. 18 In our study, the 8-year outcomes of achieving a stent like result after balloon angioplasty alone are similar to their results. However, we have currently no valid, evidence-based explanation for this observation. But we suggest that the atherosclerotic morphology of the coronary artery might be different between the patients with either a stent-like or suboptimal result. Atherosclerosis on the vessel wall of the suboptimalresult patients may have progressed and complicated more than that of the stent-like-result patients. Therefore, we suggest that new coronary lesions might be more likely to develop in the suboptimal-result patients during the 8-year follow-up.
Bail-Out Stenting
We showed that the incidence of restenosis and the longterm prognosis of suboptimal results after balloon angioplasty were significantly worse. However, what has remained an important problem is whether bailout stenting for suboptimal results is necessary. Dotter and Judkins described the concept of stents in their initial treatise, suggesting that an endovascular or perivascular splint would be useful in maintaining an adequate lumen until reendothelialization occurred. 19 Animal studies have supported the concept that stent materials and stent designs may be critical in determining the degree of initial hyperplasia. Stents with a higher concentration of metal and with greater degrees of flexibility seem to increase intimal thickness. [20] [21] [22] Therefore, the widespread strategy of stent implantation only if a suboptimal result is obtained after balloon angioplasty needs to be tested in a randomized trial, although we suggest that there would be a good longterm prognosis for stents aggressively implanted for a suboptimal result after balloon angioplasty.
Study Limitations
In this study, there are several important limitations. We were limited by the small number of patients who manifested a stent-like result or a suboptimal result in order to evaluate some characteristics of the lesions associated with survival without cardiac events. Prior studies have reported that some lesion characteristics might affect restenosis. When lesion geometry and morphology were evaluated, Ellis et al found that lesions located at bends had a significantly higher restenosis rate than simpler lesions. 15 Lesion Japanese Circulation Journal Vol.63, January 1999 calcification and the presence of collaterals might have some relationship to restenosis as well. Further studies are needed to determine the features of lesions that achieve a stent-like result that is associated with long-term survival without cardiac events.
